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© High stiffness ethylene-propylene block copolymer compositions. 



® A high stiffness propylene polymer compositions is described, comprising: 

100 parts by weight of crystalline propylene homopolymers, the relation between isotactic pentad ratio (P) 
and melt flow rate (MFR) being 1.00 £ P * 0.015 log MFR + 0.955 and the isotactic pentad ratios (P) of extracts 
as obtained by successively extracting with boiling n-hexane and boiling n-heptane being, respectively 0 450 to 
0.700 and 0.750 to 0.930, or ~ 

100 parts by weight of crystalline ethylene-propylene block copolymers obtained by block copolymerizing 70 
to 95% by weight, based on the total weight of the block copolymers, of propylene homopolymers obtained by 
polymerizing propylene at the first stage, having a relation between isotactic pentad ratio (P) and melt flow rate 
(MFR) of 1.00 * P * 0.015 log MFR + 0.955, and 5 to 30% by weight, based on the total weight of the block 
copolymers, of ethylene, ethylene and propylene, ethylene, propylene and other cr-olefins or propylene and other 
a-olefins from which ethylene has been removed at one or more stages, the ethylene content being 3 to 20% by 
weight based on the total weight of the block copolymers, and 

0.01 to 1 part by weight of a phosphate compound represented by the general formula (I): 
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wherein all the symbols are as described in the specification. 
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HIGH STIFFNESS ETHYLENE-PROPYLENE BLOCK COPOLYMER COMPOSITIONS 



FIELD OF THE INVENTION 

The present invention relates to high stiffness propylene polymer compositions' and. more particularly, 
to high stiffness propylene polymer compositions which are excellent in stiffness and heat distortion 
resistance. 



BACKGROUND OF THE INVENTION 
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Propylene polymers generally have excellent moldability, chemical resistance, and electrical and 
mechamcal properties, and thus are used in various applications in the form of injection molded articles 
blow molded articles, films, sheets, and fibers. In some applications, however, the propylene polymers are 
limited in their use because they fail to have satisfactory properties as required in the applications In 
rs particular, with regard to stiffness such as stiffness and heat distortion resistance, the propylene polymers 
are inferior to a polystyrene, an ABS resin, and a polyethylene terephthalate ester; that is, these poor 
stiffness and heat distortion resistance, constitute a serious hindrance to use of the propylene polymers in 
extended applications. Increasing stiffness produces various advantages. For example, the thickness of 
walls of molded articles can be decreased, and thus natural resources can be saved. Moreover, since the 
cooling time at the time of molding is reduced, a molding rate per unit time can be increased and thus 
productivity can be increased. 

Propylene polymers have a problem in that they are unsuitable for use in production of molded articles 
which are readily subject to mechanical impact or are used at low temperatures, because their impact 
resistance is not sufficiently high. In general, it is quite difficult for plastic materials to be satisfactory in both 
25 stiffness such as stiffness and heat distortion resistance and high impact resistance; that is, stiffness and 
high rnnpact resistance are in a contradictory relation and are quite difficult to improve them at the same 
time. 

Several attempts to increase the high impact resistance of propylene polymers have been made In 
particular, so-called ethylene-propylene block copolymers obtained by block copolymerizing propylene and 
30 ethylene are well known. These ethylene-propylene block copolymers, however, have a problem in that the 
stiffness is decreased although the low temperature impact resistance is greatly increased, as compared 
with propylene homopolymers. 

In propylene polymers, therefore, various nucleating agents have hitherto been used alone or in 
combination with each other for the purpose of increasing the stiffness. 
35 ^ Japanese Patent Application (OPI) Nos. 104905/83, 104906/83, 104907/83 and 22913/84 (the term 
"OPI" as used herein refers to a "published unexamined Japanese patent application") disclose propylene 
homopolymers having a specified isotactic pentad ratio (hereafter referred to as "specified propylene 
homopolymers"). Japanese Patent Application (OPI) No. 201816/83 discloses ethylene-propylene block 
copolymers having a specified isotactic pentad ratio (hereafter referred to as "specified ethylene-propylene 
40 block copolymers"). These Japanese patent application (OPI)'s also disclose that for the purpose of more 
increasing the stiffness, organic nucleating agents such as aluminum p-tert-butylbenzoate or 1*3, 2#4- 
dibenzylidene sorbitol, are compounded to the specified propylene homopolymers or ethylene-propylene 
block copolymers (hereafter generally referred to as "specified propylene polymers"). 

Propylene polymer compositions as prepared by compounding various known nucleating agents to the 
45 usual propylene polymers are not sufficiently improved and thus are not sufficiently satisfactory in the 
stiffness. 

The specified propylene homopolymers disclosed in Japanese Patent Application (OPI) Nos. 104905/83 
104906/83, 104907/83 and 22913/84, and the specified ethylene-propylene block copolymers disclosed in 
Japanese Patent Application (OPI) No. 201816/83 are not sufficiently satisfactory although considerably 
improved in the stiffness. The propylene polymer compositions as prepared by compounding aluminum p- 
tert-butylbenzoate or 1.3, 2.4-dibenzylidene sorbitol to the above specified propylene polymers are 
considerably improved in the stiffness, but are not sufficiently satisfactory for use in applications where high 
stiffness and high heat distortion resistance are needed. 
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SUMMARY OF THE INVENTION 



The present mvent.cn is intended to overcome the above problem in stiffness of propylene polymer 
compositions as prepared by compounding various types of nucleating agents and it has been found that 
s the problem can be solved by compounding phosphate compounds represented by the general formula (I)- 
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(wherein R, ,s a single bond, a sulfur atom or an alkylidene group having 1 to 4 carbon atoms, R 2 and R 3 
which may be the same or different, each is a hydrogen atom or an alkyl group having 1 to 8 carbon atoms' 
M ,s a mono-to trivalent metal atom, and n is an integer of 1 to 3) to the specified propylene polymers. The 
phosphate compounds represented by the general formula (I) are hereafter referred to as "Compound A" 

As is apparent from the above description, an object of the present invention is to provide propylene 
polymer compositions which are excellent in stiffness and heat distortion resistance, and ethylene-propylene 
block copolymer compositions which are excellent in stiffness, heat distortion resistance and high Impact 
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DETAILED DESCRIPTION OF THE INVENTION 

The first embodiment of the present invention is as follows: 

hnml h Jp h Stlffn !! S P 7 Py,ene po,ymer composition comprising 100 parts by weight of crystalline propylene 
homopolymers. the relation between isotactic pentad ratio (P) and melt flow rate (MFR) being 1 00 ;> P > 
°- 95 *. and the isotactic pentad ratios of extracts as obtained by successively extracting 
with boiling n-hexane and boiling n-heptane being, respectively, 0.450 to 0.700 and 0.750 to 0.930 and 0 01 
to 1 part by weight of a phosphate compound represented by the general formula (I): 




(I) 



55 



m«m!Lo 3 T o 3 SU ' ,Ur at ° m ° r 3n a,k y |idene 9roup having 1 to 4 carbon atoms, preferably a 

oro h* 9 7, P ' ? ^ R3 ' WhiCh be th8 Sam8 ° r different " each is a W°9°» atom or an alky" 
Tan intege , t 3 3t ° mS - pre,erably a 0™P. M '3 a mono-to trivalent metal atom, and n 
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The specified propylene homopolymers used in the first embodiment of the present invention are 
crystalline propylene homopolymers in which the relation between isotactic pentad ratio (P) and melt flow 
rate (MFR) is such that 1.00 ^ P ^ 0.015 log MFR + 0.955, and the isotactic pentad ratios (P) of extracts as 
obtained by successively extracting with boiling n-hexane and boiling n-heptane are, respectively, 0.450 to 
5 0.700 and 0.750 to 0.930. 

The specified propylene homopolymers can be prepared by the method disclosed by the present 
applicant as described in Japanese Patent Application (OPI) No. 104907/83. That is, the specified propylene 
homopolymers can be produced by polymerizing propylene in the presence of a catalyst comprising a solid 
product (II). an organic aluminum compound and aromatic carboxylic acid ester (III), with the molar ratio of 
to the aromatic carboxylic acid ester (III) to the solid product (II) [(lll)/(ll)] being 0.2/1 to 10.0/1, said solid 
product (II) being prepared by reacting an organic aluminum compound or a reaction product of an organic 
aluminum compound and an electron donor with titanium tetrachloride to form a solid product (I), and 
further reacting an electron donor and an electron acceptor with the solid product (I). 

The second embodiment of the present invention is as follows: 
75 A high stiffness propylene polymer composition comprising 100 parts by weight of crystalline ethylene- 

propylene block copolymers obtained by block copolymerizing 70 to 95% by weight based on the total 
weight of the block copolymers, of propylene homopolymers obtained by polymerizing propylene at the first 
stage, having a relation between isotactic pentad ratio (P) and melt flow rate (MFR) of 1.00 £ P £ 0.015 log 
MFR + 0.955, and 5 to 30% by weight, based on the total weight of the block copolymers, of ethylene, 
20 ethylene and propylene, ethylene, propylene and other a-olefins or propylene and other a-olefins from 
which ethylene has been removed as much as possible at one or more stages, the ethylene content being 3 
to 20% by weight based on the total weight of the block copolymers, and 0.01 to 1 part by weight of a 
phosphate compound represented by the general formula (I): 



wherein Ri is a single bond, a sulfur atom or an alkylidene group having 1 to 4 carbon atoms, preferably a 
40 methylene group, R 2 and R3. which may be the same or different, each is a hydrogen atom or an alkyl 
group having 1 to 8 carbon atoms, preferably a tert-butyl group, M is a mono-to trivalent metal atom, and n 
is an integer of 1 to 3. 

In the specified ethylene-propylene block copolymers used in the second embodiment of the present 
invention, the propylene homopolymers obtained by polymerizing propylene at the first stage have a 

45 relation between isotactic pentad ratio (P) and melt flow rate (MFR) of 1.00 £ P 2 0.015 log MFR + 0.955. 
As MFR is higher, P tends to be higher. MFR is usually 0.05 to 100. In the polymerization of the first stage, 
propylene in an amount of 70 to 95% by weight based on the total weight of the block copolymers 
(excluding polymers soluble in the polymerization solvent) is polymerized. At the second stage or 
subsequent stages, ethylene, ethylene and propylene, ethylene, propylene and other a-olefins or propylene 

so and other a-olefins from which ethylene has been removed as much as possible are block copolymerized 
with the propylene homopolymer obtained in the polymerization of the first stage at one or more stages. 
One stage as used herein means one division of the operation that the monomer is supplied continuously or 
intermittently. At the second stage or subsequent stages, ethylene, ethylene and propylene, ethylene, 
propylene and other a-olefins or propylene and other a-olefins from which ethylene has been removed as 

55 much as possible in an amount of 5 to 30% by weight based on the total weight of the block copolymers 
are block copolymerized with the propylene homopolymer obtained in the polymerization of the first stage 
at one or more stages. The ethylene content of the final block copolymers (excluding soluble polymers 
dissolved in the polymerization solvent) should be within the range of 3 to 20% by weight based on the total 
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Zol L 7oJ h P h V h merS . ACCOrd,n 9'y- when on| V P^PV'^e is polymerized at the first stage in an 
amount of 70% by we.ght based on the total weight of the block copolymers, since the amount of ethylene 

Jl ?1 C °Z °T* nZ9 ? 3t SeC ° nd Sta " iS Nmited t0 20% ^ wei 9nt or less based on the total 
we.ght of the block copolymers, the residual 10 to 27% by weight portion must be obtained by block 
copolymer.z.ng propylene or propylene and other a-olefins from which ethylene has been removed as much 

nn S^ntS' Z T^"* * po 'y merized at the stage in an amount of 80% by weight based 

on the total we.ght of the block copolymers, it is possible that only ethylene is block copolymers** at the 

>£1 96 "! an JT°T,° f 20% by Wei9ht b3Sed ° n the t0tal weiQht ° f the bl °<* copolymers. As long as 

, he r ;r t ethy,e ? ■ b,ock « *» ^ and *• .^Un. «,«*.,, 0 

lr i Ik t P r erS ' S ' m,t8d l ° SP6Cified ra " 9e are Satisfied - eth V lene can be polymerized a.one 
Z ?tl Z P^Pylene or propylene and other a -o.efins from which ethy.ene has been removed 

.nvemion. ^ °' W ^ 513968 t0 Pr ° dUCe the b,ock ™^Y™s <* the present 

th« l^ZT C T 6 , ethy l ene ZV {6ne b ' OCk co P ol V mers can be produced by the method disclosed by 
the present appl.cant as descnbed in Japanese Patent Application (OPI) No. 201816/83. That is propylene 

Ihe'or-eTJ 2 l °t f? bV Wei9ht b3Sed 00 thQ t0ta ' W6i9ht ° f the b,ock ^y™* ■ POi^merized in 
the presence of a catalyst compns.ng a solid product (V). an organic a.uminum compound and aromatic 

SmS?; " n n!? m °^ r rati ° ° f tHe 3r0matiC CarbOX y' ic acid ester ™ * the so.id P Juct 

£L» ^ o 9 2 ° ' S3,d SO ' id Pr ° dUCt (V) bein9 produced b V reactin 9 an o^anic a.uminum 

SS3u t Y 6 " °1 ° 3n ° r9aniC alUminum COmp ° und and an elect ™ "«h titanium 

tetrachloride to form a sohd product (IV). and further reacting an electron donor and an electron accept 

w,th the sol.d product (.V). Then, ethylene, ethy.ene and propylene, ethy.ene. propylene and other * olefins 

o s TiTr z r o,e ; ns from which ethy,ene has been rem ° ved as ™« *** - « aC 

hlm^ll Y Wa ' 9ht based on the totai wei 9"t <f block copolymers is copo.ymerized with the propylene 
homopolymers obtamed ,n the above polymerization at one or more stages in such a manner than the 
ethylene content ,s 3 to 20% by weight based on the total weight of block copolymers 

The .sotact.c pentad ratio means an isotactic ratio in pentad unit of the propylene polymer molecular 

9 26 (1973? Zf ^ ^?Z°» * M ™°™^ ™- No. I Ze^ZZrZTszt 

926 (1973 that ,s. us.ng ,3 C-NMR. In other words, the ratio means a fraction of propylene monomer units 
■n wh.ch f,ve propylene monomer units are continuous.y subjected to isotactic Nnkage. Assignment of 

m^ecT/^^ Tc Ured TV** 3bOVe ' 3C " NMR iS made * the ™ thod described In Macro- 
S£ fl ^ L 8 ' N ° th 5 ' feptember-October. 687-689 (1975). In the examples as described hereinafteTT^ 
measurement us.ng the ^c-NMR is made by the use of FT-NMR 270 MHz apparatus and based on the 

0 Kt^sTr 6 ": ° f t 27,000 ^ ^ C ° nditi0n th3t the Si9nal d * ec «° n 's "c-sed to 

u.ucn in terms of the isotactic pentad ratio. 

DentLV h rati!!^pr b0 f ,? Pr9Sent inVenti ° n ' the re 9 uirem ^t for the relation between isotactic 
J ( ) ■ m !' 1 "° W r3te (MFR) iS made for the reason that a * the MFR of propylene 
homopolymers .s lower, the above ratio P of the propylene homopolymers is more decreased and hence I 
.^necessary to determine the lower limit of P corresponding to MFR. Since P is a ratio, its upper Hmit is 

seve^roercenlT^Txh 6 't Pr ° Py ' ene ^^iymers in the proportion of 

IToZt Z nn ( ' r T ' ^ ^ ** ,r0m 010 to °- 70 ' Spending on the 

of m?nl. PO,yme ". Zatl °" of P"Wene- The propylene homopolymers to be used in the first embodiment 
of the present ,nvent,on should be such that P of the boiling n-hexane extract is within the range of 0.450 to 
0.700. In a composition using homopolymers in which P of the extract is less than 0 450 stiffness is 
improved, but heat distortion resistance is improved only insufficiently. The ratio P of the boiling n-heptane 
heir of t H Ct H the J SOtaCtic P* ntad rati0 * a " ^ct resuming from the extraction witn boS^ 
nomo^l? 3ft ! r 8XtraCti ° n With thS abOV6 boi,in9 n - hexane - With ^ to the propyfene 

exTc P nZd h l° tK US : m ^ f ! rSt embodiment of the P^ent invention. P of "he boiling n-heptane 
TtoT^n n h Z ran9e ° f 0 75 ° t0 °- 93 °- ' n 3 com P° ai «on containing homopolymer? in which P 

d Ltarti^n ~ T P 9XtraCt 15 ,6SS th3n °- 750> th6 Stiffness is im P roved whi,e on the other hand the heat 
SS^ZST! ' S ' mP ° n,y inSuffiCient 'y- The total amou "t of the boiling n-hexane extract and the 
^ " heptane suc f e ^,ve extract ,s not critical. The total amount of the starting materials, propylene 

wZ^rZ m ^ ran9e ° f 10 ,0 10 ° % by wei 9 ht - With the P r °Py |a "e homopolyme" 

succ J^ a bove range, better results can be obtained than with that outside the range. The above 

T Camed ° Ut 38 f0 " 0WS - A Sma " am ° unt ° f an an «oxidant (e.g.. 0.1o/o by weight of 

JS^r^TT? ' S ^ 3 Pr ° Py,ene ho ™P<*y™ a "d Palletized by the use of an 

extruder. These pellets were ground by the use of a grinder and passed through a screen of 20 mesh 
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(Tyler). 3 g of the powder passed through the screen is placed in a Soxhlet extractor. The powder was 
extracted with 100 ml of boiling n-hexane and then with 100 ml of boiling n-heptane for 6 hours in each 
case. A soluble material was precipitated by adding a poor solvent such as methanol, absolute ethanol or 
acetone to each extract. The precipitate was isolated, dried and weighed. 
5 MFR was measured according to JIS K 7210 at a temperature of 230°C and under a load of 2.16 kg. 

The ethylene content of the specified ethylene-propylene block copolymers to be used in the second 
embodiment of the present invention is determined by the infrared absorption spectrum method. 

The specified propylene polymers to be used in the present invention can be used in admixture with 
crystalline random copolymers or crystalline block copolymers of propylene and one or more a-olefins such 
10 as ethylene, butene-1. pentene-1, 4-methyl-pentene-i . hexene-1 and octene-i; a propylene-ethyl acetate 
copolymer, a propylene-acrylate copolymer or their saponified products; a propylene-unsaturated carboxylic 
acid or its anhydride copolymer, or a reaction product of the above copolymer and a metal ion compound; 
or a modified propylene polymer derived by modifying a propylene polymer with unsaturated carboxylic 
acid or its derivatives. In addition, the specified propylene polymers can be used in admixture with various 
synthetic rubbers (e.g.. ethylene-propylene copolymer rubber, ethylene-propylene-unconjugated diene 
copolymer rubber, polybutadiene. polyisoprene, chlorinated polyethylene, chlorinated polypropylene, 
styrene-butadiene rubber, styrene-butadiene-styrene block copolymer, styrene-isoprene-styrene block 
copolymer, styrene-ethylene-butylene-styrene block copolymer and styrene-propylene-butylene-styrene 
block copolymer) or thermoplastic synthetic resins (e.g.. polyolefins excluding propylene polymers, such as 
20 polyethylene, polybutene and poly(4-methylpentene-1), polystyrene, a styrene-acrylonitrile copolymer, an 
acrylonitrile-butadiene-styrene copolymer, polyamide. polyethylene terephthalate, polybutylene tereph- 
thalate and polyvinyl chloride). In addition, for the specified ethylene-propylene block copolymers to be 
used in the present invention, crystalline propylene homopolymer can be used in combination. Use of the 
specified propylene homopolymers of the first embodiment of the present invention as the above crystalline 
propylene homopolymer is particularly preferred since the effectiveness of the present invention is notably 
exhibited thereby. The above mixture can be used in the first embodiment of the present invention as long 
as the mixture satisfies the requirements of 1.00 * P 2 0.015 log MFR + 0.955, and P's of the extracts as 
obtained by extracting the mixture with boiling n-hexane and boiling n-heptane are, respectively 0 450 to 
0.700 and 0.750 to 0.930. 

30 Examples of the compound A to be used in the present invention are sodium 2,2'-methylene-bis(4,6-di- 
tert-butyiphenyl)phosphate, sodium 2,2'-ethylidene-bis(4 f 6-di-tert-butylphenyl)phosphate, lithium ' 2,2'- 
methylene-bis(4,6-di-tert-butylphenyl)phosphate, lithium 2,2'-ethylidene-bts(4,6-di-tert-butylphenyl)- 
phosphate, sodium 2,2'-ethylidene-bis(4-isopropyl-6-tert-butylphenyl)phosphate, lithium 2,2'-methylene-bis- 
(4-methyl-6-tert-butylphenyl)phosphate, lithium 2,2'-methylene-bis(4-ethyl-6-tert-butylphenyl)phosphate, cal- 
35 cium bis[2.2'-thiobis(4-methyl-6-tert-butylphenyl)phosphate] > calcium bis[2,2'-thiobis(4-ethyl-6-tert-butyl- 
phenyl)phosphate], calcium bis[2 t 2'-thiobis(4,6-di-tert-butylphenyl)phosphate], magnesium bis[2,2'-thiobis- 
(4,6-di-tert-butylphenyl)phosphate], magnesium bis[2.2'-thiobis(4-tert-octylphenyl)phosphate]. sodium 2 2'- 
butylidene-bis(4,6-di-methylphenyl)phosphate. sodium 2,2'-butylidene-bis(4,6-di-tert-butylphenyl)phosphate, 
sodium 2.2'-tert-octylmethylene-bis(4,6-dimethylphenyl)phosphate t sodium 2,2'-tert-octylmethylene-bis(4 6- 
40 d.-tert-butylphenyl)phosphate. calcium bis[2,2'-methylene-bis(4.6-di-tert-butylphenyl)phosphate], magnesium 
bis[2.2'-methylene-bis(4,6-di-tert-butylphenyl)phosphate], barium bis[2,2'-methylene-bis(4,6-di-tert-butyl- 
phenyl)phosphate], sodium 2,2'-methylene-bis(4-methyl-6-tert-butylphenyl)phosphate t sodium 2 2'- 
methylene-bis(4^thyl-6-tert-butylphenyl)phosphate, sodium (4,4'-dimethyl-6.6'-di-tert-buty|.2,2'-bisphenyl)- 
phosphate, calcium bis[(4,4'-dimethyl-6.6'-di-tert-butyl-2,2'-biphenyl)phosphate], sodium 2.2'-ethylidene-bis- 
45 (4-sec-butyl-6-tert-butylphenyl)phosphate, sodium 2.2'-methylene-bis(4,6-dimethylphenyl)phosphate, sodium 
2,2'-methylene-bis(4,6-diethylphenyl)phosphate. potassium 2,2'-ethylidene-bis(4,6-di-tert-butylphenyl)- 
phosphate. calcium bis[2,2'-ethylidene-bis(4,6-di-tert-butylphenyl)phosphate], magnesium bis[2 2'- 
ethylidene-bis(4,6-di.tert-butylphenyl)phosphate], barium bist2,2'-ethylidene-bis(4,6-di-tert-butylphenyl)- 
phosphate], aluminum tris(2,2'-methylene-bis(4 t 6-di-tert-butylphenyl)phosphate, and aluminum tris[2 2'- 
50 ethylidene-bis(4.6-di-tert-butylphenyl)phosphate]. In particular, sodium 2,2'-methylene-bis(4,6-di-tert-butyi- 
phenyl)phosphate is preferred. The amount of the compound A compounded is 0.01 to 1 part by weight, 
preferably 0.05 to 0.5 part by weight per 100 parts by weight of the specified propylene polymers to be 
used tn the present invention. If it is less than 0.01 part by weight, the effect of improving stiffness and heat 
distortion resistance is exhibited only insuffi ciently. Although the compound A can be added in excess of 1 
55 part by weight, no additional improvement can be expected. Thus, the addition of the compound A in 
excess of 1 part by weight is unsuitable in practical use and is uneconomical. 
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In the compositions of the present invention, various additives which are usually added to propylene 
polymers, such as phenol-, thioether-or phosphorus-based antioxidants, light stabilizers, clarifiers. nucleating 
agents, lubricants, antistatic agents, anti-fogging agents, antiblocking agents, antidripping agents, pigments 
metal deactivators (copper deactivators), radical generators such as peroxides, dispersants of metal soaps' 
neutralizing agents, inorganic fillers (e.g., talc, mica, clay, wollastonite. zeolite, asbestos, calcium carbonate' 
aluminum hydroxide, magnesium hydroxide, barium sulfate, calcium silicate, glass fiber, carbon fiber and 
potassium t.tanate). the above inorganic fillers subjected to surface treatment using coupling agents (e g 
silane-, titanate-. boron-, aluminate-and zircoaluminate-based), and organic fillers (e.g.. wood flour pulp' 
ch.p of used paper, synthetic fibers and natural fibers) can be used in combination within the range that 
does not deteriorate the effect of the present invention. It is particularly preferred to use inorganic fillers in 
combination, because they increase stiffness and heat distortion resistance. In particular, in the present 
invention, it is particularly preferred to use talc as the inorganic filler. The amount of talc added is preferably 
3.5 to 25 parts by weight, more preferably 5.0 to 20 parts by weight, per 100 parts by weight of the 
specified propylene polymers. The average particle size of talc is preferably not more than 5 u 

The compositions of the present invention can be prepared by mixing the specified propylene polymers 
with the compound A and additives which are usually added to propylene polymers by the use of usual 
mixers, such as Henschel Mixer (trade name), super mixer, ribbon blender and Banbury mixer and melt 
kneading and pelletizing the resulting mixture at a melt kneading temperature of 170 to 300°C preferably 
200 to 250'C by the use of usual single screw extruder, twin screw extruder. Brabender Plastograph or roll 
mills. The compositions thus obtained can be molded into the desired molded articles by the use of various 
molding techniques such as injection molding, extrusion molding and blow molding. 

It is generally known as described in Japanese Patent Application (OPI) No. 1736/83 that the phosphate 
compounds indicated by the compound A in the present invention act as nucleating agents to improve 
stiffness and heat distortion resistance. The compound A. however, when compounded to the specified 
propylene polymers of the present invention, exhibits the synergistic effect that could not be expected at all 
from compounding of known nucleating agents, and provides compositions which are greatly excellent in 
stiffness and heat distortion resistance. 

The compositions of the present invention are, in comparison with the conventional propylene polymer 
compositions with various nucleating agents. (1) greatly excellent in stiffness and heat distortion resistance 
(2) Since the thickness of molded articles can be decreased, not only natural resources can be saved but 
also the cooling time at the time of molding can be reduced and. therefore, the molding rate per unit time 
can be increased, which contributes to an increase in productivity. (3) Polypropylene resins can be used in 
applications where polystyrene. ABS resins, polyethylene terephthalate esters, etc.. have been hitherto used 
and thus applications of the polypropylene resins can be extended. 

The present invention will be explained in greater detail with reference to the following examples but 
the present invention should not be construed as being limited thereto. 

The testing methods used in Examples and Comparative Examples are as follows: 



(1 ) Stiffness 



A test specimen (length: 100 mm; width: 10 mm; thickness: 4 mm) was produced by injection molding 
using the pellets obtained. The flexural modulus of the test specimen was measured according to JIS K 
7203. Based on the flexural modulus, the stiffness was evaluated. 



(2) Heat Distortion Resistance 

A test specimen (length: 130 mm; width: 13 mm; thickness: 6.5 mm) was produced by injection molding 
°,fL n l *® p8ll8ts obtain ed. The heat distortion temperature of the test specimen was measured according to 
JIS K 7207 (load: 4.6 kgf/cm*. Based on the heat distortion temperature, the heat distortion resistance was 
evaluated. 
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(3) High Impact Resistance 

A notched test specimen (length: 63.5 mm; width: 13 mm; thickness: 3.5 mm) was produced by 
injection molding using pellets obtained. The Izod impact strength of the test specimen was measured at 
-30°C according to JIS K 7110. Based on the Izod impact strength, the high impact resistance was 
evaluated. 



EXAMPLES 1 TO 3 AND COMPARATIVE EXAMPLES 1 TO 10 

To 100 parts by weight of powdered crystalline propylene homopolymers having MFR and an isotactic 
pentad ratio as shown in Table 1 were added sodium 2,2'-methylene-bis(4,6-di-tert-butyiphenyl)phosphate 
as the compound A and other additives in the proportions shown in Table 1. They were mixed for 3 minutes 
in a Henschel mixer (trade name), and then melt kneaded at 200 °C and pelletized by the use of a single 
screw extruder having a diameter of 40 mm. 

In Comparative Examples 1 to 10, predetermined amounts of additives shown in Table 1 were added to 
100 parts by weight of powdered crystalline propylene homopolymers having MFR and an isotactic pentad 
ratio as shown in Table 1, and then melt kneaded and pelletized in the same manner as in Examples 1 to 3. 

The test specimen to be used in the testing of stiffness and heat distortion resistance was produced by 
injection molding the pellets at a resin temperature of 250°C and a mold temperature of 50°C. 

The test specimen was measured for stiffness and heat distortion resistance by the testing methods as 
described above. The results are shown in Table 1 . 



EXAMPLES 4 TO 6 AND COMPARATIVE EXAMPLES 11 TO 20 

To 100 parts by weight of powdered crystalline propylene homopolymers having MFR and an isotactic 
pentad ratio as shown in Table 2 were added sodium 2,2'-methylene-bis(4,6-di-tert-butylphenyl)phosphate 
as the Compound A, finely divided talc having an average particle size of 2 to 3 u as the inorganic filler and 
other additives in the proportions shown in Table 2. They were mixed for 3 minutes by the use of a Hen- 
schel mixer (trade name), and then melt kneaded at 200 °C and pelletized by the use of a single screw 
extruder having a diameter of 40 mm. 

In Comparative Examples 11 to 20, predetermined amounts of additives as shown in Table 2 were 
added to 100 parts by weight of powdered crystalline propylene homopolymers having MFR and an 
isotactic pentad ratio as shown in Table 2, and then melt kneaded and pelletized in the same manner as in 
Examples 4 to 6. 

The test specimen to be used in the testing of stiffness and heat distortion resistance was produced by 
injection molding the pellets obtained at a resin temperature of 250°C and a mold temperature of 50°C. 

The test specimen was measured for stiffness and heat distortion resistance by the testing method as 
described above. The results are shown in Table 2. 



EXAMPLES 7 TO 9 AND COMPARATIVE EXAMPLES 21 TO 30 

To 100 parts by weight of powdered crystalline ethylene-propylene block copolymers having MFR and 
an isotactic pentad ratio and an ethylene content as shown in Table 3 were added sodium 2,2'-methylene- 
bis(4,6-di-tert-butylphenyl)phosphate as the compound A and other additives in the proportions shown in 
Table 3. They were mixed for 3 minutes by the use of a Henschel mixer (trade name), and then melt 
kneaded at 200°C and pelletized by the use of a single screw extruder having a diameter of 40 mm. 

In Comparative Examples 21 to 30, predetermined amounts of additives as shown in Table 3 were 
added to 100 parts by weight of powdered crystalline ethylene-propylene block copolymers having MFR, an 
isotactic pentad ratio and an ethylene content as shown in Table 3. and then melt kneaded and pelletized in 
the same manner as in Examples 7 to 9. 

The test specimen to be used in the testing of stiffness and heat distortion resistance was produced by 
injection molding the pellets obtained at a resin temperature of 250°C and a mold temperature of 50°C. 

The test specimen was measured for stiffness, heat distortion resistance and high impact resistance by 
the testing methods as described above. 

The results are shown in Table 3. 
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EXAMPLES 10 TO 12 AND COMPARATIVE EXAMPLES 31 TO 40 

To 100 parts by weight of powdered crystalline ethylene-propylene block copolymers having MFR an 
isotactic pentad ratio and an ethylene content as shown in Table 4 were added sodium 2 2'-methylene-'bis- 
(4.6-di-tert-butylphenyl)phosphate as the compound A. finely divided talc having an average particle size of 
2 to 3 u as the inorganic filler and other additives in the proportions as shown in Table 4. They were mixed 
for 3 minutes by the use of a Henschel mixer (trade name), and then melt kneaded at 200 °C and pelletized 
by the use of a single screw extruder having a diameter of 40 mm. 

In Comparative Examples 31 to 40. predetermined amounts of additives as shown in Table 4 were 
added to 100 parts by weight of powdered crystalline ethylene-propylene copolymers having MFR an 
isotactic pentad rat.o and an ethylene content as shown in Table 4. and then melt kneaded and pelletized in 
the same manner as in Examples 10 to 12. 

The test specimen to be used in the testing of stiffness, heat distortion resistance and high impact 
resistance was produced by injection molding the pellets obtained at a resin temperature of 250°C and a 
mold temperature of 50 °C. 

The test specimen was measured for stiffness, heat distortion resistance and high impact resistance by 
the testing methods as described above. The results are shown in Table 4. 

The compounds and additives of the present invention as shown in Tables 1 to 4 are as follows: 



Compound A: 

Sodium 2,2'-methylene-bis(4.6-di-tert-butylphenyl)phosphate (MARK NA-1 1 produced by Adeka Argas 
Co., Ltd.) 



Nucleating Agent 1: Aluminum p-tert-butylbenzoate 

Nucleating Agent 2: 1.3, 2#4-Dibenzylidene sorbitol 

Nucleating Agent 3: Sodium bis(4-tert-butylphenyl)phosphate 

Phenolic Antioxidant 1 : 2,6-Di-tert-butyl-p-cresol 

Phenolic Antioxidant 2: 

Tetrakis[methylene-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate]methane 

Phosphorus Antioxidant 1 : 

Tetrakis(2 t 4-di.tert-butylphenyl)-4.4'-biphenylene-di-phosphonite 

Phosphorus Antioxidant 2: 

Bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite 
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Ca-St: Calcium stearate 



Inorganic Filler: Talc (average particle size: 2 to 3 u) 
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In the examples and comparative examples shown in Table 1, as the propylene polymer, crystalline 
propylene homopolymers having MFR and an isotactic pentad ratio as shown in Table 1 were used. As can 
be seen from Table 1, in Examples 1 to 3. the compound A was compounded to the crystalline propylene 
homopolymers having an isotactic pentad ratio falling within the scope of the present invention. By 
comparison of Examples 1 to 3 with Comparative Examples 1 to 4 (wherein the compound A and other 
nucleating agents were compounded to the crystalline propylene homopolymers having an isotactic pentad 
ratio not falling within the scope of the present invention), it can be seen that the compositions of Examples 
1 to 3 are superior to those of Comparative Examples 1 to 4 in connection with stiffness and heat distortion 
resistance. By comparison of Examples 1 to 3 with Comparative Examples 5 to 7 (wherein no nucleating 
agent was added to the crystalline propylene homopolymers having an isotactic pentad ratio falling within 
the scope of the present invention), it can be seen that the compositions of Comparative Examples 5 to 7 
are improved only insufficiently in stiffness and heat distortion resistance. By comparison of Examples 1 to 
3 with Comparative Examples 8 to 10 (wherein the organic nucleating agents comprising compounds other 
than the compound A were compounded to the crystalline propylene homopolymers having an isotactic 
pentad ratio falling within the scope of the present invention), it can be seen that the compositions of 
Comparative Examples 8 to 10 are considerably improved with regard to stiffness and heat distortion 
resistance, but not sufficiently, and that the compositions of Examples 1 to 3 are remarkably superior in 
stiffness and heat distortion resistance to those of Comparative Examples 8 to 10; that is, the compound A 
produces the great synergistic effect. Increased stiffness and heat distortion resistance as obtained in the 
present invention can be said to be the specific effects obtained only when the crystalline propylene 
homopolymers having an isotactic pentad ratio falling within the specified range of the present invention are 
used together with the compound A. 

Table 2 shows the results when to the propylene polymers used in Table 1 the compound A and talc as 
the inorganic filler were added in combination. From the results of Table 2, it can be seen that the same 
effects as above can be obtained. 

In the examples and comparative examples shown in Table 3, as the propylene polymer, the crystalline 
ethylene-propylene block copolymers having MFR and an isotactic pentad ratio as shown in Table 3 were 
used. As can be seen from Table 3, in Examples 7 to 9 the compound A was compounded to the crystalline 
ethylene-propylene block copolymers having an isotactic pentad ratio falling within the scope of the present 
invention. By comparison of Examples 7 to 9 with Comparative Examples 21 to 24 (wherein the compound 
A and other nucleating agents were compounded to the crystalline ethylene-propylene block copolymers 
having an isotactic pentad ratio not falling within the scope of the present invention), it can be seen that the 
compositions of Examples 7 to 9 are superior in stiffness and heat distortion resistance to those of 
Comparative Examples 21 to 24. By comparison of Examples 7 to 9 with Comparative Examples 25 to 27 
(wherein no organic nucleating agent was added to the crystalline ethylene-propylene block copolymers 
having an isotactic pentad ratio falling within the range of the present invention), it can be seen that the 
compositions of Comparative Examples 25 to 27 are not sufficiently improved in stiffness and heat distortion 
resistance. By comparison of Examples 7 to 9 with Comparative Examples 28 to 30 (wherein the organic 
nucleating agents comprising compounds other than the compound A were added to the crystalline 
ethylene-propylene block copolymers having an isotactic pentad ratio falling within the scope of the present 
invention), it can be seen that the compositions of Comparative Examples 28 to 30 are considerably 
improved in stiffness and heat distortion resistance, but not sufficiently, and that the compositions of 
Examples 7 to 9 are remarkably superior in stiffness and heat distortion resistance to those of Comparative 
Examples 28 to 30; that is, the compound A produces the great synergistic effects. That is, increased 
stiffness and heat distortion resistance as obtained by the present invention can be said to be the specific 
effects obtained only when the compound A is added to the crystalline ethylene-propylene block 
copolymers having an isotactic pentad ratio falling within the scope of the present invention. It is also 
observed that in. Examples 7 to 9 illustrating the compositions of the present invention, even if the 
compound A is used, the reduction in high impact resistance accompanied by the increase in stiffness is 
not observed, and the high impact resistance is comparable to those of Comparative Examples 21 to 30. 

Table 4 shows the results when to the propylene polymers used in Table 3 the compound A and talc as 
the inorganic filler were added in combination. In these cases, the same effects as above are observed. 

It can be seen from the above data that the compositions of the present invention are excellent in 
stiffness and heat distortion resistance in comparison with the known compositions comprising the 
crystalline propylene polymers with nucleating agents compounded thereto; it has been observed that the 
compositions of the present invention have great effects. 
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While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

5 

Claims 

1. A high stiffness propylene polymer composition comprising: 

100 parts by weight of crystalline propylene homopolymers, the relation between isotactic pentad ratio 
w (P) and melt flow rate (MFR) being 1.00 2: P ^ 0.015 log MFR + 0.955 and the isotactic pentad ratios (P) of 
extracts obtained by successively extracting with boiling n-hexane and boiling n-heptane being, respec- 
tively, 0.450 to 0.700 and 0.750 to 0.930; and 

0.01 to 1 part by weight of a phosphate compound represented by the general formula (I): 



75 




wherein Ri is a single bond, a sulfur atom or an alkylidene group having 1 to 4 carbon atoms, R2 and R3 
30 which may be the same or different, each is a hydrogen atom or an alkyl group having 1 to 8 carbon atoms, 
M is a mono-to trivalent metal atom, and n is an integer of 1 to 3. 

2. The high stiffness propylene polymer composition as claimed in Claim 1 , wherein R1 is a methylene 
group, and R2 and R3 each is a tert-butyl group. 

3. The high stiffness propylene polymer composition as claimed in Claim 1, wherein said phosphate 
35 compound is sodium 2,2'-methylene-bis(4,6-di-tert-butylphenyl)phosphate. 

4. The high stiffness propylene polymer composition as claimed in any one of Claims 1 to 3, wherein 
an inorganic filler is compounded. 

5. The high stiffness propylene polymer composition as claimed in Claim 4, wherein said inorganic filler 
is at least one compound selected from talc, mica, clay, wollastonite, zeolite, asbestos, calcium carbonate, 

40 aluminum hydroxide, magnesium hydroxide, barium sulfate, calcium silicate, glass fiber, carbon fiber and 
potassium titanate. 

6. The high stiffness propylene polymer composition as claimed in Claim 4, wherein said inorganic filler 
is talc. 

7. The high stiffness propylene polymer composition as claimed in Claim 6. wherein the amount of talc 
45 added is 3.5 to 25 parts by weight per 100 parts by weight of the crystalline propylene homopolymers. 

8. The high stiffness propylene polymer composition as claimed in Claim 6, wherein the amount of talc 
added is 5.0 to 20 parts by weight per 100 parts by weight of the crystalline propylene homopolymers. 

9. The high stiffness propylene polymer composition as claimed in any one of Claims 6 to 8, wherein 
the average particle size of the talc is not more than 5 u. 

50 10. A high stiffness propylene polymer composition comprising: 

100 parts by weight of crystalline ethylenepropylene block copolymers obtained by block copolymerizing 
70 to 95% by weight, based on the total weight of the block copolymers, of propylene homopolymers 
obtained by polymerizing propylene at the first stage, having a relation between isotactic pentad ratio (P) 
and melt flow rate (MFR) of 1.00 * P S 0.015 log MFR + 0.955, and 5 to 30% by weight, based on the total 
55 weight of the block copolymers, of ethylene, ethylene and propylene, ethylene, propylene and other a- 
olefins or propylene and other a-olefins from which ethylene has been removed at one or more stages, the 
ethylene content being 3 to 20% by weight based on the total weight of the block copolymers: and 
0.01 to 1 part by weight of a phosphate compound represented by the general formula (I): 
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wherein R, is a single bond, a sulfur atom or an alkylidene group having 1 to 4 carbon atoms. R 2 and R 3 , 
which may be the same or different, each is a hydrogen atom or an aikyl group having 1 to 8 carbon atoms! 
M is a mono-to trivalent metal atom, and n is an integer of 1 to 3. 

11. The high stiffness propylene polymer composition as claimed in Claim 10. wherein Ri is a 
methylene group, and R 2 and R3 each is a tert-butyl group. 

12. The high stiffness propylene polymer composition as claimed in Claim 10. wherein said phosphate 
compound is sodium 2,2'-methylene-bis(4,6-di-tert-butylphenyl)phosphate. 

13. The high stiffness propylene polymer composition as claimed in any one of Claims 10 to 12, 
wherein an inorganic filler is compounded. 

14. The high stiffness propylene polymer composition as claimed in Claim 13, wherein said inorganic 
filler is at least one compound selected from talc, mica, clay, wollastonite, zeolite, asbestos, calcium 
carbonate, aluminum hydroxide, magnesium hydroxide, barium sulfate, calcium silicate, glass fiber, carbon 
fiber and potassium titanate. 

15. The high stiffness propylene polymer composition as claimed in Claim 13, wherein said inorganic 
filler is talc. 

16. The high stiffness propylene polymer composition as claimed in Claim 15, wherein the amount of 
talc added is 3.5 to 25 parts by weight per 100 parts by weight of the crystalline ethylene-propylene block 
copolymers. 

17. The high stiffness propylene polymer composition as claimed in Claim 15, wherein the amount of 
talc added is 5.0 to 20 parts by weight per 100 parts by weight of the crystalline ethylene-propylene block 
copolymers. 

18. The high stiffness propylene polymer composition as claimed in any one of Claims 15 to 17, 
wherein the average particle size of the talc is not more than 5 u. 
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